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(54) Method and system for generating thermal-mechanical limits for the operation of nucCear 
fuel rods 



(57) A method and system for demonstrating com- 
pliance of nuclear fuel rods with fundamental licensing 
criteria for fuel rod internal pressure during nuclear re- 
actor operation is presented. A nuclear fuel rod evalua- 
tion process (300) is perfomied during the fuel cycle de- 
sign and licensing process for each operating cycle of 
a particular nuclear reactor. The evaluation process 
(300) includes a rod-by-rod internal pressure analysis 
based on empirical data of actual operational power out- 
put levels of each fuel rod in the reactor core. A compu- 
ter program (300) constructs individual fuel rod power 
histories (308) for each nuclear fuel rod in the reactor 



core based on empirical infomnation acquired during 
previous fuel cycles and the projected operation of the 
reactor in an upcoming fuel cycle (304). Using the con- 
structed power histories for each fuel rod, the program 
then computes thermal and mechanical overpower lim- 
its and a maximum intemal pressure for each rod in the 
upcoming fuel cycle (310, 314, 316). Licensing compli- 
ance (31 8) is demonstrated by confimning that the com- 
puted maximum internal pressure and maximum ther- 
mal and mechanical overpower stresses of any fuel rod 
for the upcoming fuel cycle Is less than the fundamental 
licensing limits. 
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Description 

[0001] This invention relates generally to methods for 
demonstrating compliance of a nuclear reactor with fun- 
damental licensing criteria for nuclear fuel rod internal 
pressure, and more particularly to a method for estab- 
lishing thennal-mechanical limits for the use and oper- 
ation of nuclear fuel rods. 

[0002] Most countries have some sort of regulatory 
body or commission for administering the safe use and 
distribution of nuclear fuels and power generation within 
their jurisdictions. In the United States of America, for 
example, the Nuclear Regulatory Commission (USN- 
RC) is the primary governmental regulatory body that is 
responsible for licensing the construction and operation 
of nuclear power plants. In its regulatory capacity, the 
USNRC is responsible for setting up and reviewing fun- 
damental safety criteria for granting a license for the op- 
eration of a nuclear reactor. Under such review, an ap- 
plicant for a license must be able to demonstrate that 
the operation of a particular reactor complies with fun- 
damental safety criteria set forth by the USNRC. Reac- 
tor design and operation evaluation procedures are pro- 
posed and, once approved by the USNRC, may form 
the basis for the granting of an operating license. 
[0003] Procedures for demonstration of compliance 
typically include (among other things) providing statisti- 
cal/empirical evidence showing that the fuel rods within 
a reactor function within a given margin of safety at or 
below some predetemiined power level that will ensure 
that the thermal and mechanical stresses on the fuel rod 
cladding for all rods in the reactor core are kept at a safe 
level during the life and use of the fuel — for example, 
to prevent any cracking or ruptures of fuel rod cladding 
and subsequent leaking of contaminates. Reactor oper- 
ating limits are established to ensure that reactor oper- 
ation is maintained within afuel rod themial-mechanical 
design and safety analysis basis. These operating limits 
may be defined, for example, by the maximum allowable 
fuel pellet operating power as a function of fuel pellet 
exposure level— usually expressed In temis of the max- 
imum linear heat generation rate (MLHGR) (i.e., the 
maximum heat generated by a fuel rod per unit length 
of the rod (Kw/ft) verses exposure (Gwd/mt)). 
[0004] As an example, under GE Company's USNRC 
approved "GESTAR" licensing basis. It is required that 
fuel design Thermal-Mechanical (T-M) analysis for a re- 
actor be perfomned using the following conditions: (i) ei- 
ther worst tolerance assumptions are applied or proba- 
bilistic analysis are perfomned to detennine statistically 
bounding results (i.e., upper 95% confidence), and (il) 
operating conditions are taken to bound the conditions 
anticipated during nonnal steady-state operation and 
anticipated operational occurrences (AOOs), Based on 
the T-M analysis performed, operating limits are estab- 
lished to ensure that actual fuel operation is maintained 
within the fuel rod thermal-mechanical design and safe- 
ty basis. These operating limits define the maximum al- 



lowable fuel pellet operating power level as a function 
of fuel pellet exposure. 

[0005] The conventional methodology for designing 
thermal-mechanical (T-M) operational limits forfuel rods 

5 is to apply a bounding power history analysis on a single 
hypothetical fuel rod. For example, fuel rods may be 
evaluated to ensure that the effects of fuel rod internal 
pressure during normal steady-state operation will not 
result in fuel failure due to an excessive fuel rod cladding 

10 pressure loading. Such an evaluation is based, for ex- 
ample, on the amount of fission gas released by the ura- 
nium fuel pellets in a fuel rod and the resultant pressure 
within the rod to detennine the cladding creep-out rate 
due to internal gas pressure during normal steady-state 

IS operation. (For example, a T-M performance analysis 
program, such as GE Company's GESTR-MECHNICAL 
(GSTRM) performance code program, may be used to 
evaluate a fuel rod.) A generic power limit curve is de- 
veloped from the T-M evaluation which provides an op- 

20 erating envelope that is valid for the operation of fuel 
rods in every fuel cycle for all reactors. An example of 
such a fuel T-M limit envelope is illustrated by curve 10 
in the graph of Figure 1 which shows the maximum lin- 
ear heat generation rate (LHGR) versus pellet expo- 

25 sure. 

[0006] In developing such a generic operating limit 
envelope, typically only the fuel rod or rods within a re- 
actor core that experience the maximum expected pow- 
er and exposure conditions are evaluated. However, it 

30 is known that no single fuel rod in a reactor core actually 
operates with a power history equivalent to its limiting 
power history, but rather operates substantially below 
the limiting power for a majority of its operational duty. 
Prior to the present invention, it has been unfeasible to 

35 identify which fuel rods or rod within the core may be 
operating in the most limiting manner with regard to in- 
ternal fission gas release. In this regard, the convention- 
al approach of developing a bounding power history for 
generating themnal-mechanical limits for fuel rods is 

40 overiy conservative and unnecessarily restricts the op- 
eration of nuclear reactors below an optimum level. 
[0007] The method of the present invention over- 
comes the above limitations by constructing actual pow- 
er history profiles for every fuel rod in the reactor core 

"^s and evaluating the Internal pressure for each fuel rod 
Individually. Conventional computer programs for gen- 
erating a power history for an individual fuel rod based 
on reactor design or actual reactor operations are 
known. For example, around about the year 1987, Gen- 

so eral Electric Company developed a computer program 
called "LERN". The LERN program is capable of gener- 
ating a power history profile for a single fuel rod and is 
typically used, for example, to perfonn special studies 
for particular fuel rods (one at a time). In the present 

55 invention, fuel rod power histories are constructed for 
each rod in the reactor core using both pre-acquired his- 
torical operating data of each fuel rod during past fuel 
cycles and a projection of reactor operations into an up- 



BNSDOCID: <EP 111345SA1J_> 



2 



3 EP1113 

coming fuel-cycle. 

[0008] In implementing the method of the present in- 
vention, a computer program may employ the above de- 
scribed LERN -type technology or equivalent software to 
evaluate individual fuel rod power histories for each nu- 5 
clear fuel rod in the reactor core based both on empirical 
information acquired during previous fuel cycles and a 
projected operation of the reactor In an upcoming fuel 
cycle. Using the constructed power histories for each 
fuel rod, the program then perfomnsa rod-by-rod internal io 
pressure analysis wherein it computes themnal and me- 
chanical overpower limits and a maximum internal pres- 
sure for each rod in the upcoming fuel cycle to determine 
which rod or rods are operating with the most limiting 
power history — i.e., closest to its internal pressure, and is 
thermal and mechanical overpower limits. The power 
history of this fuel rod or rods is then used as the basis 
for setting safe operational limits, and determining com- 
pliance with U.S. NRC requirements, rather than relying 
on an overly conservative conventional bounding power 20 
history analysis (which is typically based solely on a sin- 
gle hypothetical fuel rod). Compliance of reactor opera- 
tion with U.S. NRC licensing requirements Is demon- 
strated by confirming that the fuel rod identified as hav- 
ing the maximum fuel rod internal pressure or themnal 25 
and mechanical overpower stresses for the upcoming 
fuel cycle does not violate the particular fundamental li- 
censing criteria. 

[0009] Preferably, the above fuel rod evaluation proc- 
ess is performed for each operating fuel-cycle of a re- 30 
actor. By using this T-M limit setting approach, higher 
peak operating powers for each rod may be used with- 
out violating fundamental safety and governmental im- 
posed criteria for reactor operation. Moreover, imple- 
mentation of the disclosed method of the present inven- 35 
tion allows operation of a reactor using a much less re- 
strictive fuel rod thenmal-mechanical limit and, conse- 
quently, results in substantial improvements in opera- 
tional fuel costs and power output. 

[0010] In one aspect, the present invention is an im- ^^o 
proved method for detemnining/establishing power limit 
criteria for a nuclear reactor based on the operational 
history of the fuel rods in the nuclear reactor core. The 
improved method results in a realization of greater op- 
erating margins for the fuel rods in the reactor core — 45 
which in tum results In more efficient and cost effective 
core operation and/or fuel rod configurations. In this re- 
gard, the present Invention also provides a more direct - 
and less conservative approach toward illustrating com- 
pliance of a nuclear reactor with USNRC licensing re- so 
quirements than the overly conservative processes con- 
ventionally used for such purposes. 
[0011] In another aspect, the present invention is a 
data processing system including a computer having 
memory and various I/O or display devices that is pro- 55 
grammed for determining power limit criteria of a nuclear 
reactor based on computed internal pressures of each 
fuel rod in the core; and for optional compilation and dis- 
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play of individual power histories and internal pressures 
for each fuel rod in the core. 

[0012] In accordance with yet another aspect, the 
present invention is a computer program product that 
may be embodied on any computer-readable medium 
for distribution and/or storage on a computer system for 
execution to establish power limit criteria for a nuclear 
reactor based on the operational thermal-mechanical 
limits of the fuel rods in the nuclear reactor core. 
[0013] In accordance with yet a further aspect of the 
present invention, a method and system is provided for 
demonstrating compliance of a nuclear reactor with fun- 
damental licensing criteria for nuclear fuel rod internal 
pressure during nuclear reactor operation. 
[001 4] An embodiment of the invention will now be de- . 
scribed, by way of example, with reference to the ac- 
companying drawings. In which: 

FIGURE 1 is a graph illustrating an example T-M 
limit envelope cun^e for evaluating nuclear fuel 
rods; 

FIGURE 2 is block diagram of an example data 
processing system used for simulation/modeling of 
thermal-mechanical limits for nuclear fuel rods; 

FIGURE 3 illustrates an example mathematical for- 
mula used to detemnine the pressure ratio for a fuel 
rod; 

FIGURE 4 is a flow chart illustrating an example se- 
quence of process steps executable by a data 
processing system for perfomriing an evaluation of 
fuel rod themial-mechanical limits, and 

FIGURE 5 is an example output listing of rod-by-rod 
evaluation results provided in a preferred imple- 
mentation of the present Invention. 

[0015] The present invention may be implemented, 
for example, via FORTRAN computer program code ex- 
ecuted using Digital Equipment Corp. Alpha computers 
running the Open VMS operating system. As embodied 
in a computer program for execution on a computer, the 
present Invention determines actual power histories of 
each fuel rod in the reactor core using empirical data 
acquired from past operation of the reactor and evalu- 
ates the intemal pressure for each fuel rod for an up- 
coming fuel cycle. Preferably, this rod evaluation proc- 
ess is performed during the fuel cycle design and licens- 
ing process for each operating cycle of a particular nu- 
clear reactor. The evaluation process includes a rod-by- 
rod internal pressure analysis based on empirical data 
of actual operational power output levels of each fuel 
rod in the reactor core. A computer program constructs 
individual fuel rod power histories for each nuclear fuel 
rod in the reactor core based on information acquired 
during previous fuel cycles and a projected operation of 



3 



EP1 113 455 A1 



the reactor in an upcoming fuel cycle. Using the con- 
structed power histories for each fuel rod, the program 
then computes thermal and mechanical overpower lim- 
its and the maximum internal pressure for each rod in 
the upcoming fuel cycle. Licensing compliance is dem- 
onstrated by conflmriing that the computed maximum in- 
ternal pressure for the upcoming fuel cycle is less than 
the critical pressure with a statistical confidence man- 
dated by the regulatory agency and that the maximum 
thennal and mechanical overpower stresses of the fuel 
rods are below regulatory maximums. 
[0016] FIGURE 1 shows a graph illustrating an exam- 
ple themial-mechanical limit envelope 1 0 for evaluating 
fuel rods. The envelope represents the operating limit 
maximum linear heat generation rate (MLHGR)forafuel 
rod as function of fuel pellet exposure. 
[0017] FIGURE 2 shows a simplified block diagram of 
an example data processing system, 1 00, contemplated 
for performing the evaluation of fuel rod thermal-me- 
chanical limits for each rod In a reactor core In accord- 
ance with the method of the present invention. Essen- 
tially, system 100 includes CPU 101, storage memory 
1 02, and user interfacing I/O devices 1 03 and optionally 
one or more displays 104. Storage memory 102 in- 
cludes a database or files (not shown) containing, for 
example, reactor plant initial state infomnation, fuel lat- 
tice physics analysis results, 3D simulation results, fuel 
rod type/characteristics data and a program for evalu- 
ating fuel rods in accordance with the method of the 
present invention. 

[0018] FIGURE 3 shows a mathematical relationship 
useful for computing an internal pressure ratio of a fuel 
rod — for producing pressure ratio values believed reli- 
able to a 95% degree of confidence. The Pressure Ratio 
value obtained using this equation Is based on the ratio 
between a maximum nominal internal pressure, 
Pmax.nom. ^ nominal critical internal pressure, 
Pcrit.nom. ^or a fuel rod. Pmax.nom be detemiined by 
perfomriing a conventional f-M type analysis on a fuel 
rod. for example, as produced by GE's GESTR perfomri- 
ance software. 

[0019] FIGURE 4 shows a functional program flow di- 
agram of an example embodiment of the fuel rod eval- 
uation program of the present invention. Each block of 
the diagram contains a concise explanation of a func- 
tional step perfonned, for example, by a computer pro- 
gram operating on a single or multi-processor computer 
system for the purpose of evaluating the thermal-me- 
chanical limits for all fuel rods in a reactor core. One of 
ordinary skill will appreciate that the Illustrated function- 
al steps of Figure 4, although explained in greater detail 
below, are essentially self explanatory and may be im- 
plemented on a conventional computer by utilizing con- 
ventional programming techniques and programming 
tools well known in the art. 

[0020] As Illustrated by the functional flow diagram of 
Figure 4, the method of the present invention essentially 
Involves examining all fuel rods within each fuel bundle 



in a reactor core on a rod-by-rod basis to determine in- 
ternal pressure data for each fuel rod and then using 
that information to set appropriate limiting operational 
criteria for the reactor. First, fuel rod power "histories" 
5 are constructed based on operating data from reactor 
process computers and data provided from pre-assem- 
bled data files (e.g., reactor 3D simulation files 304, re- 
actor fuel lattice physics analysis files 306, and T-M 
analysis files 31 2). The reactor specific inf omnation pro- 

10 vided by these data files may be pre-acquired and dig- 
itally stored by conventional means using standard pro- 
cedures and processes well known in the nuclear indus- 
try. The fuel rod power histories are then used to pert omn 
T-M analysis for each rod Individually. 

15 [0021 ] Ref en-ing to program flow diagram 300 of Fig- 
ure 4, fuel bundle "histories", block 302, are first con- 
structed using "historical" fuel-cycle data stored In a set 
of stored input files 304 (e.g., GE's PANAEA CEDAR 
files). This historical fuel-cycle data is produced as a re- 

20 suit of mnning 3D simulations of the reactor for operat- 
ing conditions covering previous fuel cycles (e.g., cycle 
n-3 through cycle n-1 ) and the projected operating con- 
ditions for the upcoming cycle (cycle n). At this time, oth- 
er reactor specific operational parameters relevant to 

25 constructing fuel bundle histories may be input as user 
data 301 . The bundle histories so constructed may com- 
prise, for example, fuel rod axial power rating (P), fuel 
rod exposure data (Exp), water density history (UH) and 
control fraction data (CF). 

30 [0022] Next, at block 308, Individual fuel rod power 
histories are developed using the constructed fuel bun- 
dle history data and data obtained from a second set of 
input files 306 (containing reactor fuel lattice analysis 
data (e.g., GE's TGBLA files). Next, at block 310, T-M 

35 analysis Inputfiles are constructed for running T-M anal- 
ysis cases using a third set of input files 31 2 containing 
fuel rod specific data (e.g., GE's GSTRM files). Next, at 
block 314, the T-M analysis cases for each rod are run 
and output files are produced. Finally, at block 31 6, the 

40 T-M outputflles are processedto provide output results, 
block 318, for each fuel rod for printing or display and 
then a next fuel bundle is examined. Output results 318 
include at least peak pressure and exposure data for 
such rod and may further include other relevant infor- 

^5 matlon such as: 

• end-of-life pressure/exposure, 

• maximum exp./mode, 

• maximum enrichment/GAD. 



so 



55 



[0023] This process continues until all bundles in the 
core are evaluated. Figure 6 shows an example listing 
of rod-by-rod output results provided in the preferred im- 
plementation of the present invention. 
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Claims 

1. A method for determining power limit criteria for a 
nuclear reactor based on operational thermal-me- 
chanical limits of fuel rods in the nuclear reactor 
core, comprising the steps, executed by a compu- 
ter, of: 

a) constructing individual fuel rod power histo- 
ries (308) for each nuclear fuel rod in the reac- 
tor core based on empirical information ac- 
quired during previous fuel cycles and the pro- 
jected operation of the reactor in an upcoming 
fuel cycle; 

b) computing internal pressure data (314) for 
each fuel rod in the core for an upcoming fuel 
cycle based on the power histories constructed 
in step (a); 

c) identifying a fuel rod (316) having a maxi- 
mum internal pressure; 

and 

d) establishing an operational thermat-me- 
chanicai limit (318) based on the power history 
of the identified fuel rod. 

2. The method of claim 1 wherein step (b) includes 
computing thermal and mechanical overpower lim- 
its for fuel rods in the core. 

3. The method of claim 1 wherein steps (b) through (d) 
are repeated for each fuel cycle. 

4. A method for establishing power limit criteria of a 
nuclear reactor based on operational thermal-me- 
chanical limits of fuel rods in the nuclear reactor 
core, comprising the steps of: 

a) generating thenmal and mechanical over- 
power limits based on conventional limiting 
analysis; 

b) computing fuel rod internal pressure data 
based on actual power history data of a fuel rod 
and projected reactor operation in a upcoming 
fuel cycle for each fuel rod in the reactor core; 

c) Identifying a maximum fuel rod intemal pres- 
sure for the upcoming fuel cycle based on the 
fuel rod internal pressure data computed in step 
(b); 

and 

d) confirming that the identified maximum is 
less than fundamental criteria established by 
the applicable licensing authority. 

5. The method of claim 5 further including: 

repeating steps (b) and (c) for each fuel cycle 
of the reactor. 

6. A system (1 00) for establishing power limit criteria 
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for a nuclear reactor based on operational themial- 
mechanical limits of fuel rods in the nuclear reactor 
core, said system comprising a computer (101) in- 
cluding a data storage memory (1 02) and one or 
5 more I/O (103) or display devices (104), said com- 

puter programmed to: 

(i) construct individual fuel rod power histories 
(308) for each nuclear fuel rod in the reactor 

10 core based on empirical information acquired 

during previous fuel cycles and the projected 
operation of the reactor In an upcoming fuel cy- 
cle; 

(ii) compute intemal pressure data (310, 314) 
15 for each fuel rod in the core for an upcoming 

fuel cycle based on the individual power histo- 
ries; and 

(iii) Identify a fuel rod having a maximum inter- 
nal pressure (316); 

20 

wherein an operational power limit criteria is estab- 
lished based on thermal-mechanical limit data as- 
sociated with the identified fuel rod. 

25 7. The system of claim 6 wherein the computer is fur- 
ther programmed to compute themial overpower 
and mechanical overpower limit data for each fuel 
rod in the reactor core. 

30 8. The system of claim 6 wherein the computer pro- 
vides, via an I/O or display device, output data (318) 
identifying at least peak internal pressure and ex- 
posure infomnation for one or more fuel rods in the 
reactor core. 

35 

9. A computer program product embodied on a com- 
puter-readable medium for distribution and/or stor- 
age on a computersystemforexecutlon to establish 
power limit criteria for a nuclear reactor based on 
40 operational thennal-mechanical limits of fuel rods in 
the nuclear reactor core, comprising: 

means for constructing individual fuel rod pow- 
er histories for each nuclear fuel rod in the re- 
45 actor core based on empirical infomnation ac- 

quired during previous fuel cycles and the pro- 
jected operation of the reactor in an upcoming 
fuel cycle; and 

means for computing internal pressure data for 
50 each fuel rod in the core for an upcoming fuel 

cycle based on individual fuel rod power histo- 
ries and for identifying a fuel rod having a max- 
imum internal pressure. 

55 10. The computer program product of claim 9 further 
including means for computing thermal-mechanical 
limit data for each fuel rod in the core and for estab- 
lishing an operational thermal-mechanical limit 
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based on thermal-mechanical limit data associated 
with the identified fuel rod. 

1 1 . A method for demonstrating compliance of a nucle- 
ar reactor with fundamental licensing criteria for nu- 5 
clear fuel rod internal pressure during nuclear reac- 
tor operation, comprising the steps of: 

a) constructing individual fuel rod power histo- 
ries (308) for each nuclear fuel rod in the reac- io 
tor core based on empirical infomiation ac- 
quired during previous fuel cycles and the pro- 
jected operation of the reactor in an upcoming 
fuel cycle; 

b) computing internal pressure data (314) for is 
each fuel rod in the core for an upcoming fuel 
cycle based on the power histories constructed 

in step (a); 

c) identifying a fuel rod having a maximum in- 
temal pressure; and 20 

d) conf imning that the identified maximum (31 6) 
is less than an established licensing limit crite- 
ria, 

wherein the established power limit criteria is 25 
based on thennal-mechanical limit data associated 
with the identified fuel rod. 



30 



35 



40 



45 



so 
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Pressure Ratio (95% confidence) = 



Pmax,/7o/7? 

Pcrit./70/n ■ 1-645 Vcr^pcrit + o-2pmax 



Pmax./7o/77 = T-M analysis maximum nominal pressure 

Pcritnom = 3212.9 psi 

apcrit =1071.1 psi 

(Jpmax = 399.4 psi 



Fig. 3 
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BUNDLE ROD MAXIMUM @PEAK PRES. END-OF-UFE MAXIMUM 



ID 


TYPE 


LOC. 


TYPE 


ENR. 


GAD 


PRES. EXPO. 


PRES. EXPO. 


EXP 




GE3001 


3 


(01.01) 


REG 


2.80 


0.0 


583. 53.81 


583. 53.81 


66.36 


9 


GE3001 


3 


(02,01) 


REG 


3.60 


0.0 


605. 53.80 


605. 53.80 


65 01 

W Wf W 1 


o 


GE3001 


3 


(01.02) 


REG 


3.50 


0.0 


605. 53.80 


605. 53.80 


66 01 


o 


GE3001 


3 


(03.01) 


REG 


4.40 


0.0 


683. 55.59 


683. 55.59 


68.17 


ft 

o 


GE3001 


3 


(01.03) 


REG 


4.40 


0.0 


683. 55.59 


683. 55.59 


68.17 


ft 

o 


GE3001 


3 


04.01) 


REG 


4.40 


0.0 


650.54.18 


650. 54.18 


66.60 


7 


GE3001 


3 


(01,04) 


REG 


4.40 


0.0 


650. 54.18 


650. 54.18 


66.60 


7 


GE3001 


3 


(05.01) 


REG 


4.40 


0.0 


624. 53.61 


624. 53.61 


66.1 1 


7 


GE3001 


3 


(01,05) 


REG 


4.40 


0.0 


624. 53.61 


624. 53.61 


66:11 


7 


GE3001 


3 


(06,01) 


REG 


4.40 


0.0 


636. 53.90 


636. 53.90 


66.41 


7 


GE3001 


3 


(01,06) 


REG 


4.40 


0.0 


635. 53.90 


636. 53.90 


66.41 


7. 


GE3001 


3 


(07.01) 


REG 


4.40 


0.0 


654. 54.88 


664. 54.88 


67 30 


7 


GE3001 


3 


(01,07) 


REG 


4.40 


0.0 


654. 54.88 


664. 54.88 


57 30 


7 


GE3001 


3 


(08.01) 


REG 


4.40 


0.0 


702 55.43 


702. 56.43 


69,04 


8 


GE3001 


3 


(01,08) 


REG 


4.40 


0.0 


702. 55.43 


702. 55.43 


59.04 


8 


GE3001 


3 


(09,01) 


REG 


3.50 


0.0 


615. 54.54 


615. 54.64 


56.87 


8 


GcSOOl 


3 ■ 


(01,09) 


REG 


3.60 


0.0 


515. 54.64 


615. 54.64 


66.87 


8 


GE3001 


3 


(10.01) 


REG 


2.80 


0.0 


589. 54.55 


589. 54.55 


67.17 


9 


GE3001 


3 


(01.10) 


REG 


2.80 


0.0 


589. 54.55 


589. 54.55 


67.17 


9 


GE3001 


3 


(02.02) 


PAR 


4.40 


0.0 


493. 57.22 


493. 57.22 


63.81 


7 


GE3001 


3 


(03.02) 


GAD 


4.90 


7.0 


751.50.85 


751. 50.85 


63.77 


5 


6E3001 


3 


(02.03) 


GAD 


4.90 


7.0 


751.50.85 


751. 50.85 
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